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Additional Keyphrases total iron-binding capacity
. 
Materials and Methods

Preparations
Human serum transferrin.
This was prepared according to the method of Aisen et al. (7) . No impurity was detected by immunoelectrophoresis (with two different goat antisera to whole human sera) or by cellulose acetate zone electrophoresis. The protein concentration of the purified preparation was determined spectrophotometrically assuming the E at 280 nm to be 14.1 (8).
Goat antihuman serum transferrin.
The goats were injected subcutaneously with 1.0 mg of transferrin suspended in 1.0 ml of phosphate-buffered saline (PBS, described below) and 1.5 ml of complete Freund's adjuvant.
Precipitin formation was seen only against serum transferrin when the antisera were analyzed by immunoelectrophoresis with whole human serum. The IgG fraction of the antihuman transferrin goat serum was precipitated with 37% saturated ammonium sulfate (pH 7.5, 4#{176}C) and then chromatographed on DEAE cellulose
The optimal concentration of this IgG fraction for immunoprecipitation was determined experimentally to provide a small excess of antibody with the highest concentration of transferrin to be measured. This was composed of 0.98 g of K2HPO4, 0.6 g of KH2PO4, and 1 liter of saline. Fifteen drops of Triton X-100 were added and the PBS was warmed to effect its solution.
Total iron-binding capacity of human serum was measured by conventional methods (10, 11 The manifold is shown in Figure 1 .
Procedure
A sample of human serum was aspirated at the rate of 0.05 mi/mm and diluted with PBS (2.00 mi/mm).
An aliquot of this dilution (0.05 mI/mm) was reaspirated, diluted with PBS (2.50 ml/min), and mixed with goat antihuman transferrin (0.05 mi/mm).
The mixture of antigen and antibody was incubated at 37#{176}C for 23 mm, and the resulting turbidity was measured in the fluorometer, used as a nephelometer.
The primary and secondary filters used with the nephelometer had peak transmissions at 485 and 495 nm, respectively.
To prime the reagent line, we placed the sample and buffer pump lines in PBS, and the antiserum pump line in the goat antitransferrin.
After the reagents traversed the manifold, the reagent baseline was set at 5% transmittance on the recorder. To establish a standard curve, solutions of transferrin ranging from 70-414 mg/100 ml were aspirated at 60 per hour. Unknown serum samples and accuracy controls were aspirated in the same manner, after the standards.
The ratio of peak heights to the steady-state asymptote value was determined in our apparatus as a function of the rate of analysis for human IgG vs. goat antibody with these results:
Rate of analysis, per h Peak height: steady-state asymptote Blank determinations of serum samples without goat antitransferrin also were made. The same manifold was used and PBS was pumped through all reagent lines, with the baseline preset at 5% transmittance.
At the end of each day, 10% Clorox was run through the system for 10 mm, followed by distilled water, with Triton X-100, for 30 mm.
We connected this AutoAnalyzer to an IBM 1080 Data Acquisition System, which converted the analog output to digital information.
In turn, the latter was automatically entered on punched cards by an IBM 1058 card punch and the results were calculated from these cards by an IBM 1130 computer.
Results
A typical
record of the analog output of the AutoAnalyzer is shown in Figure 2a . The reading for the standards are plotted in Figure 2b , and are linear at concentrations of 100 to 400 mg of transferrin per 100 ml, as has been previously demonstrated (5, 6 ).
Figure 2a also shows the results obtained with human sera with unknown transferrin concentrations and one accuracy control of 213 mg/100 ml. The stability of such control sera and the accuracy of their repeated determinations were estimated on another serum that contained 237 mg of transferrin per 100 ml; the standard deviation of 123 determinations, performed over several months and interspersed with 993 unknown sera, was 9.1 mg/100 ml.
To estimate the precision of this method, we analyzed in duplicate 39 sera from hospital patients for transferrin.
The range was 105-375 mg/100 ml, with a standard deviation between duplicates of 8.5 mg/100 ml.
The accuracy of the method was estimated by analyzing 1.0 ml of each of 21 sera before and after the addition of 50 ,l of a solution of purified transferrin of 3.3 g/100 ml. The coefficient of correlation between the amount of transferrin added and the amount recovered in each serum was 0.99. The standard deviation, 11.2 mg/100 ml, reflected the cumulative effect of two independent measurements, so that the standard deviation of the amount of transferrin recovered from the true value was estimated as 11.2//, or 7.9 mg/100 ml.
To validate this immunochemical method of assay by an independent chemical estimation, the concentration of serum transferrin was determined by measuring its iron-binding capacity in 66 sera. Each was also assayed for its transferrin content by the automated immunochemical method, and the resulting value of the total iron-binding capacity was plotted against the immunochemically determined transferrin concentration (Figure 3 ). The standard deviation of the 66 determinations, from a least squares line through these points, wa,s 28.5 mg/100 ml.
Discussion
A modular system has been assembled, with use of commercially available components, that permits rapid automated measurements of transferrin in a serum sample of 100 tl. In experiments to be reported, this automated system has been adapted to measure five serum proteins simultaneously, the concentrations of which ranged from 25 mg/100 ml (C 1 esterase inhibitor) to 2000 mg/ 100 ml (IgG). The same 100-id sample sufficed for all five analyses.
The accuracy and precision of the method were estimated by recovery experiments and by an independent chemical assay based on the iron-binding property of transferrin. Accuracy of about 4 to 10% was achieved within the range of 100 to 400 mg of transferrin per 100 ml. The range of measurement could be reduced to 0-50 mg/100 ml with a comparable degree of accuracy by increasing the ratio of sample volume to amount of antibody. graph in 2b, which shows the relationship between light scattered (ordinate) and the concentration of transferrin in the standards (abscissa)
Light scattered by each serum sample alone (serum blank). though measured as described in text, is not shown, which is why the peak height of some unknowns is greater than that of a transferrin standard of the same concentration.
No detectable light was scattered by the purified transferrin standards
